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(54) SOLID-STATE IMAGE PICKUP DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To pick up an image with a wide dynamic range. 
SOLUTION: A pixel 10 iias a photoelectric conversion element 11 converting 
light into an electric signala comparison/judgement circuit 13 comparing output 
voltage from the photoelectric conversion element 1 1 with a threshold 18 and 
outputting a judgement signal when output voltage crosses the thresholda control 
signal generation circuit 14 outputting a control signal 19 when the judgment 
signal and a reset signal 20 being the pulse signal of a prescribed periodwhich is 
previously decidedare inputteda reset circuit 15 resetting the photoelectric 
conversion element 1 1 to the initial state of an operation when the control signal 
19 is inputted and a counting circuit counting the number of times that the control 



signal 19 is outputted and outputting a counting result. A pixel value is 
constituted of the number of times that the output voltage of the photoelectric 
conversion element 1 1 exceeds the threshold and from the output voltage value 
of the photoelectric conversion element 11. Thusa dynamic range can be 
enlarged. \ 
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CLAIMS 



[Claim(s)] \ 

[Claim 1]A solid state camera comprising: 

A solid state image pickup device which arranged many pixels to two- 
dimensional array form. 

A pixel signal constituent nrieans from which said a majority of pixels constitute a 
picture signal based on a counting result of the number of times of a control 
signal outputted by output voltage and a control signal generating means of a 
photoelectric conversion means which it hasrespectively is provided at leastsaid 
a majority of pixels - each: - a thres^hold which has the value beforehand 
determined as output **** from a photoelectric conversion means and; this 
photoelectric conversion means which changes light into an electrical 
signal[ compare and ] A comparison judging means which outputs a decision 
signal when output voltage crosses the threshold; When both with a reset signal 
which is a pulse signal of a cycle beforehand determined as said decision signal 
are inputtedA resetting means which resets said photoelectric conversion means 
to an initial state of operation when a control signal generating means and the; 
aforementioned control signal which output a control signal are inputted; a 
counting means which calculates the number of times to which said control signal 
was outputtedand outputs a counting result. 

[Claim 2]The device comprising according to claim 1 : 

A coefficient calculating means in which said device calculates a weighting factor 



\ 



from said counting result further. 

A multiplication means which carries out the multiplication of said weighting 
factor and the output voltage of a photoelectric conversion means. 

[Claim 3]ln the device according to claim 1 or 2 in which said photoelectric 
conversion meanssaid comparison judging meanssaid control signal generating 
meansand said resetting means are an optoelectric transducera comparison test 
circuita control signal generating circuitand a reset circuitrespectivelySaid 
counting means is a counter circuit which calculates the number of times by 
which each aforementioned pixel outputs a control signal in unit timeThe counter 
circuit has the counter circuit array constituted from same row number as said 
two-dimensional pixel array by two dimensional array of the same number of 
linesA solid state camerawherein said pixel signal constituent means has a pixel 
signal component circuit which constitutes a pixel value from an output from an 
output and said counter circuit array from said optoelectric transducer of each 
pixel. 

[Claim 4]ln the device according to claim 1 or 2 in which said photoelectric 
conversion meanssaid comparison judging meanssaid control signal generating 
meansand said resetting means are an optoelectric transducera comparison test 
circuita control signal generating circuitand a reset circuitrespectivelyWhile said a 
majority of pixels possess a voltage current conversion circuit which transforms 
control signal output voltage of the pixel concerned into current 
furthenrespectivelyFurther said device A line writing direction of 
the :aforementioned voltage current conversion circuit output. And total of a 
column direction. Line writing direction total readout circuitry and column 
direction total readout circuitry which are readrespectively; It is a counter circuit 
which calculates the number of times to which a control signal was outputted for 
every pixel from an output of a total analysis circuit which presumes a pixel which 
outputted a control signal from an output of two total readout circuitriesand; total 
analysis circuitA pixel signal component circuit where the counter circuit 



constitutes a pixel value from said two-dimensional pixel arraya counter circuit 
array constituted from same row number by two dimensional array of the same 
number of linesan output from said optoelectric transducer of; each pixeland an 
output from said counter circuit array. A providing solid state camera. 
[Claim 5]ln the device according to claim 1 or 2 in which said photoelectric 
conversion meanssaid comparison judging meanssaid control signal generating 
meansand said resetting means are an optoelectric transducera comparison test 
circuita control signal generating circuitand a reset circuitrespectivelyWhile said a 
majority of pixels possess a voltage current conversion circuit which transforms 
control signal output voltage of the pixel concerned Into current 
furtherrespectivelysaid device - further - : - line writing direction total readout 
circuitry and column direction total readout circuitry which read total of a line 
writing direction of said voltage current conversion circuit outputand a column 
directionrespectivelyand; ~ an output of said line writing direction total readout 
circuitry and each of said column direction total readout circuitry. A column 
direction adder circuit which was appointed beforehand and which carries out 
period addition and is memorized. And a line writing direction adder circuit; From 
a total output circuit which each pixel presumes how many times a control signal 
was outputtedand outputs within said period set beforehand from an output of 
two direction adder circuitsan output from said optoelectric transducer of; each 
pixeland an output from said total output circuita pixel value. A solid state camera 
possessing a pixel signal component circuit to constitute. 
[Claim 6]A solid state camera comprising: 

A solid state image pickup device which arranged many pixels to two- 
dimensional array fonn. 

A pixel signal constituent means from which said a majority of pixels constitute a 
picture signal based on a counting result of the number of steps of a control 
signal outputted by output voltage and a control signal generating means of a 
photoelectric conversion means which it hasrespectively is provided at leastsald 
a majority of pixels - each: ~ a threshold which rises at a time by one step 



synchronizing with a reset signal which is a pulse signal of a cycle beforehand 
determined as output voltage from a photoelectric conversion means and; this 
photoelectric conversion means which changes light into an electrical 
signal[ compare and ] A comparison judging means which outputs a decision 
signal when said output voltage crosses a threshold; When both said decision 
signal and said reset signal are inputtedA resetting means which resets said 
photoelectric conversion means to an initial state of operation when a control 
signal generating means and the; aforementioned control signal which output a 
control signal are inputted; a counting means which calculates the number of 
steps of a threshold to which said control signal was outputtedand outputs a 
counting result. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention constitutes a pixel signal from the output 
voltage of the photoelectric conversion part which changed storage time and 
read it with incident light quantity with the number of times beyond a threshold 
within the period which a solid state camera takesespecially has the output 
voltage of a photoelectric conversion part. 

Thereforeit is related with the solid state camera which enabled the image pick- 
up with a large dynamic range. 

[0002] 

[Description of the Prior Art]Two techniques are described as a Prior art. One is a 
technique with which the output voltage of a photoelectric conversion part 
calculates the number of times which crossed the thresholdand constitutes a 



pixel value from this calculated number of times. For examplethere is "A Wide- 
Dynamic-RangeLow-Power Photosensor Array"! EEE International Solid-State 
CircuitsConferenceand TP1 3.7-1 994. Drawing 7 shows the example of the 
fundamental composition of the pixel for realizing this technique. 
[0003]When output **** of the photo-diode 71 crosses the threshold voltage 
72the comparison circuit 73 carries out a pulse 1 output 74. The reset transistor 
75 is turned on and a photo-diode is reset by this pulse. The above-mentioned 
operation will be repeated repeatedly at 1 field periodas shown in the waveform 
of drawing 8 of operation. The output of a pixel is obtained as the number of the 
pulses within 1 field periodor frequency of a pulse. If incident light quantity is 
largethe output voltage of a photo-diode will reach a threshold immediatelyandfor 
this reasonthe number of the pulses of 1 field period will increase. Converselyif 
incident light quantity is smallthe number of pulses will decrease. In this 
techniqueif a threshold is set as the value near an output voltage value when a 
photo-diode is saturatedthe dynamic range decided by the ratio of the output 
voltage at the time of reset to the output voltage at the time of saturation will 
usually be expanded exceeding the output voltage at the time of saturation. 
[0004]Nextthere is the technique of changing exposure time with incident light 
quantityand forming a video signal into an extensive dynamic range. This is a 
"multi-storage time photo detector"video information media academic journal 
Vol.51 No.2and pp.256-262 (1997). Drawing 9 expresses typically the relation 
between the storage time in a photo-diodeand a photoelectrical load output. The 
fundamental concept of the 2nd technique is explained using this figure. 
[0005]Storage time is changed at intervals with 1 1/21/41/8.... 1/128. One in a 
figure is a photoelectrical load output in a certain storage timeand the inclination 
which connects the point and starting point corresponds to incident light intensity. 
It is AO when pitch-black. If light is strengthenedit will progress in the direction of 
aluminum. If aluminum is reacheda photo-diode will be saturatedbut without 
moving to the position of BO and being saturatedstorage time is set to one half 
and an output becomes half. If light intensity furthermore becomes largeit will 



progress to Bland if Bl is reachedit will move to CO and storage time will be set to 
one fourth. If light intensity becomes the same greatly in the followingstorage 
time will change to 1/128. The dynamic range can extend storage time 128 times 
in the case of fixing to 1 by this. 

[OOOejThe circuitry of this element is shown in drawing 10 . A circuit has two 
photo-diodes of the photo-diode b used in order to detect a photoelectrical load 
as the photo-diode a used for saturation detection in order to control storage 
timeand a signal charge. RATSUCHI [ the output of the photo-diode a leads to an 
inverterand / the output of an inverter ]. A latch output changesonly when a 
storage time control pulse is high-level, twice [ 2 "-^ ] as many time as 1 frame 
period makes a storage time control pulse the high level between about 1 
microsecond from the start of the frame at the time which passedrespectively. At 
this timen is 1 to 8. A ramp wavefomi shall take a value which Is 
differentrespectively at the time when each storage time control pulse becomes 
high-level. An inverter output becomes high-level when the output voltage of a 
photo-diode exceeds the threshold of an inverter. An inverter output is latched by 
the storage time control pulse just behind thisand a latch output turns OFF the 
gate a and the gate b by it. The electric charge which the stored charge of the 
photo-diode b in the time when the storage time control pulse immediately after 
an inverter output becomes high-level by this at the capacity a was inputted 
accumulated in the capacity b with the voltage of the ramp wavefomi is 
savedrespectively. By reading these via a cell selection transistora 
photoelectrical load output and its storage time output are obtained. 
[0007] 

[Problem(s) to be Solved by the InventionJHoweverthe number of times to which 
the output voltage of said photoelectric conversion part crossed the threshold is 
calculatedand in the technique of constituting a pixel value from this calculated 
number of timeswhen calculating the number of pulsesin order to increase the 
gradation number of the luminosity which can be expressed with a video 
signalthe counter of a scale according to a gradation number is needed. For 



examplein the video signal whicli an imaging device outputsit is assumed that the 
luminosity is expressed by 256 gradation. In order to obtain the video signal 
which has a 100 times as many dynamic range as the above-mentioned video 
signaland has one 100 times the gradation number of thisand 25600 gradation at 
this timeat least 15-bit counter is needed. Such a large-scale counter also 
becomes a cause which cannot enlarge a numerical aperturewhen it has 
composition which becomes the cause of increasing the chip area of a sensor 
chipespeciaily has a counter in each pixelrespectively when accumulated on the 
same silicon chip as a sensor array. By this kind of techniquethere is a fault that 
the minimum disregard level of incident light quantity becomes largeand 
sensitivity becomes low for the offset voltage which a comparator has. 
[0008]ln the technique of changing said exposure time with incident light 
quantityand fomriing a video signal into an extensive dynamic rangesince two 
photo-diodes are required in a pixelit becomes difficult to enlarge the numerical 
aperture to the pixel area of the area of the photo-diode which accumulates a 
photoelectrical load as a signal charge. 

[0009]The purpose of this invention by having been made in view of the above- 
mentioned problemand constituting a pixel signal from the number of times to 
which the output voltage of the photoelectric conversion part exceeded the 
thresholdand output voltage which changed storage time and was read by 
incident light quantitylncrease the gradation number of a luminositymaking the 
number of bits of a counter smalland againThe minimum disregard level of 
incident light quantity is made smalland let the solid state camera which enables 
an image pick-up with a large dynamic range be an offer plugwithout sacrificing a 
numerical aperture by setting the photoelectric conversion part in 1 pixel to one 
further. 
[0010] 

[Means for Solving the Problem]ln order to attain this Japanese targeta solid 
state camera by the 1st invention indicated to claim 1A pixel signal constituent 
means which constitutes a picture signal based on a counting result of the 



number of times of a solid state image pickup device wliicli arranged many pixels 
to two-dimensional an-ay formand a control signal outputted by output voltage 
and a control signal generating means of a photoelectric conversion means 
which said a majority of pixels haverespectively is provided at leastsaid a 
majority of pixels - each: -- a threshold which has the value beforehand 
determined as output voltage from a photoelectric conversion means and; this 
photoelectric conversion means which changes light into an electrical 
signal[ compare and ] A comparison judging means which outputs a decision 
signal when output voltage crosses the threshold; When both with a reset signal 
which is a pulse signal of a cycle beforehand determined as said decision signal 
are inputtedA resetting means which resets said photoelectric conversion means 
to an initial state of operation when a control signal generating means and the; 
aforementioned control signal which output a control signal are inputted; a 
counting means which calculates the number of times to which said control signal 
was outputtedand outputs a counting result is provided. 
[001 1]A solid state camera by the 2nd invention this invention was indicated to 
be to claim 2 is characterized by that said 1st invention comprises: 
A coefficient calculating means in which said device calculates weighting-factor 
alpha from said counting result further. 

A multiplication means which carries out the multiplication of the output voltage of 
a photoelectric conversion means to said weighting-factor alpha. 

[001 2]A solid state camera by the 3rd invention indicated to claim 3ln said 1st 
invention or said 2nd invention In which said photoelectric conversion meanssaid 
comparison judging meanssaid control signal generating meansand said 
resetting means are an optoelectric transducera comparison test circuita control 
signal generating circuitand a reset circuitrespectivelySaid counting means is a 
counter circuit which calculates the number of times by which each 
aforementioned pixel outputs a control signal in unit timeThe counter circuit has 
the counter circuit array constituted from same row number as said two- 



dimensional pixel array by two dimensional an^ay of the same number of 
linesSaid pixel signal constituent means has a pixel signal component circuit 
which constitutes a pixel value from an output from an output and said counter 
circuit array from said optoelectric transducer of each pixel. 
[001 3]A solid state camera by the 4th invention indicated to claim 4ln said 1st 
invention or said 2nd invention in which said photoelectric conversion meanssaid 
comparison judging meanssaid control signal generating meansand said 
resetting means are an optoelectric transducera comparison test circuita control 
signal generating circuitand a reset circuitrespectivelyWhile said a majority of 
pixels possess a voltage current conversion circuit which transforms control 
signal output voltage of the pixel concerned into current 
furtherrespectivelyFurther said device A line writing direction of 
the :aforementioned voltage current conversion circuit output. And total of a 
column direction. Line writing direction total readout circuitry and column 
direction total readout circuitry which are readrespectively; It is a counter circuit 
which calculates the number of times to which a control signal was outputted for 
every pixel from an output of a total analysis circuit which presumes a pixel which 
outputted a control signal from an output of two total readout circuitriesand; total 
analysis circuitA pixel signal component circuit where the counter circuit 
constitutes a pixel value from said two-dimensional pixel arraya counter circuit 
array constituted from same row number by two dimensional array of the same 
number of linesan output from said optoelectric transducer of; each pixeland an 
output from said counter circuit anray is provided. 

[0014]A solid state camera by the 5th invention indicated to claim 5ln said 1st 
invention or said 2nd invention in which said photoelectric conversion meanssaid 
comparison judging meanssaid control signal generating meansand said 
resetting means are an optoelectric transducera comparison test circuita control 
signal generating circuitand a reset circuitrespectivelyWhile said a majority of 
pixels possess a voltage current conversion circuit which transforms control 
signal output voltage of the pixel concerned into current furtherrespectivelysaid 



device - further - : - line writing direction total readout circuitry and column 
direction total readout circuitry which read total of a line writing direction of said 
voltage current conversion circuit outputand a column directionrespectivelyand; - 
an output of said line writing direction total readout circuitry and each of said 
column direction total readout circuitry. A column direction adder circuit which 
was appointed beforehand and which carries out period addition and is 
memorized. And a line writing direction adder circuit; From a total output circuit 
which each pixel presumes how many times a control signal was outputtedand 
outputs within said period set beforehand from an output of two direction adder 
circuitsan output from said optoelectric transducer of; each pixeland an output 
from said total output circuita pixel value. A pixel signal component circuit to 
constitute is provided. 

[001 5]A solid state camera by the 6th invention indicated to claim 6A pixel signal 
constituent means which constitutes a picture signal based on a counting result 
of the number of steps of a solid state image pickup device which an-anged many 
pixels to two-dimensional array formand a control signal outputted by output 
voltage and a control signal generating means of a photoelectric conversion 
means which said a majority of pixels haverespectively is provided at leastsaid a 
majority of pixels - each: - a threshold which rises at a time by one step 
synchronizing with a reset signal which is a pulse signal of a cycle beforehand 
determined as output voltage from a photoelectric conversion means and; this 
photoelectric conversion means which changes light into an electrical 
signal[ compare and ] A comparison judging means which outputs a decision 
signal when said output voltage crosses a threshold; When both said decision 
signal and said reset signal are InputtedA resetting means which resets said 
photoelectric conversion means to an initial state of operation when a control 
signal generating means and the; aforementioned control signal which output a 
control signal are inputted; a counting means which calculates the number of 
steps of a threshold to which said control signal was outputtedand outputs a 
counting result is provided. 



[0016] 

[Embodiment of the lnvention] Drawing 1 shows the example of 1 composition of 
the strol<e matter by this invention. I\^al<ing this pixel 10 into two-dimensional 
array structurea figure shows that 1 pixel. A pixel consists of the photo-diode 
lithe read transistor 12the comparison circuit 13AND circuit 14and the reset 
transistor 15. The counter circuit and pixel configuration circuit which calculate 
the pulse of a control signal constitute the numerical aperture of a pixel besides a 
pixel array in order to enlarge. 

[0017]ln drawing 1 output voltage of the photo-diode 11 is carried out output 17 
out of a pixelwhen the vertical scanning signals 16 are inputted into the read 
transistor 12. The comparison circuit 13 always compares the output voltage and 
the threshold 18 of the photo-diode Hand when output **** exceeds a thresholdit 
outputs a high-level signal. In AND circuit 14when both the output and the reset 
signal 20 of a comparison circuit are high-levela high-level control signal is 
outputted. When a control signal is high-levelthe reset transistor 15 is tumed on. 
When a reset transistor is turned onthe photo-diode 1 1 is reset and is set as the 
output voltage of the initial state of photoelectric conversion operation. The 
control signal 19 is outputted out of a pixel as a control signal output. Although 
the threshold 18 is given within a pixelit can also set up from the outside of a 
pixel. 

[0018]An example of a waveform of operation of the pixel by this invention is 
shown in drawing 2 . The reset signal 20 is a pulse signal of a constant period. A 
control signal is outputted to the timing as the reset pulse immediately after the 
time beyond a threshold that output **** of a photo-diode is the same. Vertical 
scanning signals are inputted only once in the end of 1 frame periodfor example. 
The voltage outputted by this from the time when the photo-diode was reset by 
the control signal of the last of 1 frame periodWhen it will not be based on the 
lightwave signal electric charge accumulated by the output voltage read-out time 
in the end of 1 frame period or a control signal does not occurit is based on the 
lightwave signal electric charge accumulated in 1 frame period. The exposure 



time of this output voltage changestlie cycle of the pulse of a reset signaland the 
number of timesi.e.the incident light quantityof generating of a control signal 
pulse. When a photographic subject is brightmany control signal pulses are 
outputted to 21 by such operationfor exampleand output voltage is outputted. 
When darkthere is no control signal pulse in 22or it is fewand output voltage is 
outputted. 

[0019]The example of an entire configuration of this invention imaging device 30 
is shown in drawing 3 . In this compositiona pixel array constitutes said pixel 10 in 
two-dimensional array form. The 1st vertical scanning circuit 31the 1st switching 
circuit 32and the 1st horizontal scanning circuit 33 are for reading the output 
voltage of the photo-diode 1 1 from the pixel in a pixel array once by a raster scan 
in the end of one frame. It is for the 1st reset-signal scanning circuit 34 supplying 
a reset signal from the 1st line one by one towards a final line to a pixel for every 
line. 

[0020]The counter circuit 35 calculates the pulse number of the control signal of 
a pixel arraywhen a reset signal is high-level. A counter circuit array constitutes 
this counter circuit 35 in the two-dimensional anray fonm of the same number of 
lines as a pixel an'ayand the same row number. All of the control signal output of 
the pixel in the same sequence and the control signal Input of a counter circuit 
are connected. The 2nd vertical scanning circuit 36the 2nd switching circuit 
37and the 2nd horizontal scanning circuit 38 read the counting result of a control 
signal pulse from the counter circuit 35 in a counter circuit array once by a raster 
scan in the end of one frame. It is for the 2nd reset-signal scanning circuit 39 
supplying a reset signal from the 1st line one by one towards a final line to a 
counter circuit for every line. 

[0021 ]The 1st reset-signal scanning circuit 34 and the 2nd reset-signal scanning 
circuit 39 output a reset pulse to the same time to the same line of a pixel array 
and a counter circuit arrayrespectively. Calculation of a control signal is 
performed by sequence parallel processing by this operation. That isthe control 
signal of two or more pixels in the same line in a pixel array is simultaneously 



calculated by two or more counter circuits of the same line as the line of the pixel 
array in a counter circuit array. Since the control signal of two or more pixels is 
calculated in parallelthere is an advantage whose high-speed read-out of a 
control signal becomes possible. 

[0022]The pixel signal component circuit 40 constitutes and outputs a pixel signal 
from the output voltage of a photo-diode and the pulse number of the control 
signal of 1 frame period in read-out time. The example of composition is shown in 
drawing 4 . The coefficient calculation circuit 41 calculates weighting-factor alpha 
from the output voltage v42 of a photo-diodeand the pulse number n43 of a 
control signal. The multiplication circuit 44 multiplies by this weighting-factor 
alpha and output voltage vand outputs the pixel signal P(= alpha-v) 45. 
[0023]The example of the calculation method of the coefficient alpha in a 
coefficient calculation circuit is shown below. The pulse number of the reset 
pulse within 1 frame period is set to Nand a threshold is set to Q. Hereit is 
assumed that the incident light quantity within 1 frame period does not change. 
Weighting-factor alpha is set to alpha= 1 at the time of n= 0. It asks for alpha 
from Table 1 at the time of n> 0. In Table lit is N-1and a is k= 01 and 2. ...the 
remainder that broke N by N-kand writes it as a=N % (N-k). At this timesince 
pulse number n of a control signal can be considered to be the quotient which 
broke N by N-kit is n=N/(N-k). It is assumed at the time of a= 0 that v is not reset 
at the read-out time of v. From Table 1 alpha is determined in quest of k which 
satisfies both n and v that were obtained. 
[0024J 
[Table 1] 

[0025]The example of composition of the solid state camera 2nd by this invention 
is shown in drawing 5 . In drawing 5 a pixel is a pixel shown in drawing l and the 
composition and operation are the same as that of said example. Operation of 
the horizontal scanning circuit 53the vertical scanning circuit 51 and the switching 



circuit 52 is the same as tliat of the above-mentioned example. The control signal 
output of each pixel is connected to the voltage cun-ent conversion circuit 54. A 
pixel array arranges this constitutional unit for the group of the pixel 10 and the 
voltage current conversion circuit 54 to two-dimensional array form as one 
constitutional unit. 

[0026]ln a pixel arraya reset signal is inputted into the reset signal input 20 of all 
the pixels to the same timing. A pixel an-ay has one reset signal input in Itand the 
wiring from this input is connected to the reset signal input of all the pixels in a 
pixel array. If timing of such a reset signal is usedthe timing allowed the output of 
the control signal 19 will also become the same by all the pixels. When a control 
signal is outputted from a pixeleach voltage current conversion circuit 54 outputs 
the cun-ent of a respectively fixed size to the column direction total readout 
circuitry 55 and the line writing direction total readout circuitry 56. Since the 
timing allowed the output of the control signal 19 is the samefrom two or more 
voltage current conversion circuitscurrent will be outputted to the same timingand 
those current will be added. The current value equivalent to total of the pixel 
which outputted the control signal among the pixels located in a line with the 
same sequence after all in the column direction total readout circuitry 55 
whenever a reset signal is inputted will be acquired about each 
sequencerespectivelyin the line writing direction total readout circuitry 56the 
current value equivalent to total of the pixel which outputted the control signal 
among the pixels on a par with the same line will be acquired about each 
linerespectively. 

[0027]ln the column direction total readout circuitry 55 and the line writing 
direction total readout circuitry 56it outputsafter changing the size of cun-ent into 
the size of ****. In the total analysis circuit 57XY address on the pixel an-ay of the 
pixel which outputted the control signal is presumed and outputted with the 
output from the column direction total readout circuitry 55 and the line writing 
direction total readout circuitry 56. In the counter circuit array 58each pixel 
calculates and outputs the number of times which outputted the control signal 



within 1 frame period from the output from the total analysis circuit 57. About the 
pixel signal component circuit 59it is the same as that of the above-mentioned 
pixel signal component circuit 40. 

[0028]The example of composition of the solid state camera 3rd by this invention 
is shown in drawing 1 1 . In drawing 11 the pixel lOthe voltage current conversion 
circuit 54the horizontal scanning circuit 53the switching circuit 52the vertical 
scanning circuit 51 the column direction total readout circuitry 55the line writing 
direction total readout circuitry 56and the pixel signal component circuit 59 are 
the same as that of the example of composition of the drawing 5 graphic display 
2nd. The column direction adder circuit 1 1 1 and the line writing direction adder 
circuit 112 cany out fixed time additionand output the output of the column 
direction total readout circuitry 55 and the line writing direction total readout 
circuitry 56respectively. In the total analysis circuit 11 Swithin fixed time with each 
pixellt presumes how many times the control signal was outputtedand outputs 
with the output from the column direction adder circuit 1 1 1 and the line writing 
direction adder circuit 112. 

[0029]One of the factors which determines the difficulty of presumption 
performed in the total analysis circuit 1 13 has input timing of a reset signal. If it is 
considered as the input timing of a reset signala pulse form reset signal is given 
on fixed frequency. The value adding one frame period of total of the pixel which 
outputted the control signal among the pixels located in a line with the same 
sequence in a column direction adder circuit at this time shall be obtained about 
each sequence. In a line writing direction adder circuitthe value adding one frame 
period of total of the pixel which outputted the control signal among the pixels on 
a par with the same line shall be obtained about each line. In a total analysis 
circuitfrom thesethe output time within 1 frame period of the control signal of 
each pixel is presumedand it outputs to 1 frame period once. 
[0030]As input timing of another reset signala reset pulse is inputted only once in 
the end of the period in [ of for example 1 frame period (1/30 seconds) / first ] 1 / 
120 secondsand a pulse form reset signal is given on fixed frequency in [ of the 



remainder ] 3 / 120 seconds. At this time1 [ first ] / value added for 120 seconds 
is obtained for total of the pixel which outputted the control signal among the 
pixels on a par with the same sequence about each sequenceit is outputtedand 3 
[ remaining ] / values which were added for 120 seconds are obtained about 
each sequenceand it is outputted in a column direction adder circuit. Also in a 
line writing direction adder circuitit is the same. The value obtained by for [ of the 
start ] 1 / 120 seconds by the column direction adder circuit and a line writing 
direction adder circuit becomes total of the pixel which outputs the pixel signal of 
4 times or more of a threshold level. In a total analysis circuitafter presuming 
coarsely [ be / they / 4 or more times of a threshold level ] using the first value for 
1/120 secondsthe remaining values for 3/120 seconds are usedand detailed 
presumption is perfomned. 

[0031]Nextby computer simulationthe photoelectric transfer characteristic 
acquired by this invention solid state camera was searched for. At this timepulse 
number N of the reset pulse of 1 frame period was set to N= lOOand threshold Q 
was set to Q= 1 . Output voltage when the stored charge of the photo-diode 
****(ed) was set to land incident light quantity at that time was set to 1 . Even the 
incident light quantity 100 was calculated as an example. A simulation result is 
shown in drawing 6 . It turns out that the pixel signal value is also increasing to 
the question which incident light quantity increases to lOOand 100 times [ over 
the past ] as many dynamic ranges are realized. 
[0032]in the example of composition of this invention solid state camera 
explained abovea threshold is working - although it is immobilization altogether 
and has been suitably set up near the output voltage at the time of the saturation 
of the stored charge of a photo-diodethe inconvenience described below is 
produced in this fomi. That isa photo-diode sets 1 and voltage when reset to 0 for 
the output voltage of saturation. As shown in drawing 12 (a)a threshold is set to 1 
and suppose here that 10 times of pulse form reset signals are added to unit 
storage time. If the control signal outputted to unit storage time is added at this 
timeit can be known how many times the threshold was exceeded to unit storage 



time in each pixeli.e.were saturated?. The relation between the luminosity of the 
photographic subject at this time and the number of times of saturation is shown 
in drawing 12 (b). The photo-diode supposes that it will be saturated once in unit 
storage time at the time of the luminosity 1 . Drawing 12 (b) shows that the 
number of times of saturation produced by adding a control signal does not 
change at intervals with 123and 5 or 10 timeswhen the luminosity of a 
photographic subject changes from 1 to 10. thisi.e.threshold regularity- if - it 
means that the gradation number of the luminosity which can be expressed 
decreases compared with the gradation number of the luminosity of a 
photographic subject. 

[00331The composition stated to the following which carries out a working 
threshold with variable for solving an above-mentioned problem is proposed. As 
shown in drawing 13 (a)when adding 10 times of pulse fonn reset signals to unit 
storage timea threshold is made for 2/10 and the following to be the same 10/10 
by 1 / 10 or 2nd pulse about a threshold by the 1st pulse at the 10th time. At this 
timeall the pixels with which the pixel which outputted the control signal of the 
logical value "1" by the 1st pulse is saturated once or more in unit storage time 
will be contained. Similarly by the 2nd pulseall the pixels saturated twice or more 
are contained in unit storage time. In the 3rd pulsea part of pixel saturated 3 
times or more and pixel saturated only once are contained. Thusthe pixel which 
outputs the control signal of a logical value "1" in each pulse can know [ how 
many times or ] beforehand how many times or more it will be saturated to unit 
storage time. Thereforeit can ask for the number of times of saturation of the unit 
storage time of each pixel by unifying the state of the output of the control signal 
in each pulse. Thusthe relation of the luminosity of a photographic subject and 
the number of times of saturation which are obtained is shown in drawing 13 (b). 
From drawing 13 (b)when this luminosity of a photographic subject changes from 
1 to lOit can grasp that the number of times of saturation also changes from 1 
time according to a luminosity to 10 times. 

[0034]The example of circuitry for realizing this method is shown in drawing 14 . 



In drawing 14 the pixel 10a pixel arraythe vertical scanning circuit 31the horizontal 
scanning circuit 33the switching circuit 32and the reset-signal scanning circuit 34 
are the same as that of the example of composition of drawing 3 . the time of the 
1st reset pulse being inputted - a selector -- input HE change **** of the memory 
1. The memory 1 memorizes the control signal which each pixel outputs in the 
1st reset pulse as a logical value "0" or "1." Similarlya selector is changed to the 
input of the memory 2 at the time of the 2nd reset pulseit changes to the input of 
the memory 10 at the 10th timeand each memory memorizes the control signal 
then outputted about all the pixels. In the number-of-times calculation circuit 140 
of saturationeach pixel calculates and outputs how many times it was saturated 
to unit storage timereferring to the contents from the memory 1 to the memory 10. 
In the pixel signal component circuit 40a pixel signal is constituted and outputted 
from the number of times of saturation of unit storage timeand output **** of the 
photo-diode read once in the end of unit storage time. 
[0035]The example of above some will explain this inventionand that various 
kinds of modification and change are possible within the gist of the invention 
specified to the claim has obvious **** to a person skilled in the artwithout limiting 
this invention to these. 
[0036] 

[Effect of the lnvention]Although the counter of the scale which can calculate a 
number equivalent to the gradation number of a luminosity was required in the 
technique of constituting a pixel value from the number of times to which the 
output voltage of the photoelectric conversion part of conventional technology 
crossed the thresholdin this inventionsince the counter circuit just calculates from 
0 to 100 on above-mentioned conditions? bits may be sufficient. At this timeit is 
dependent on the resolution at the time of read-out of the output voltage of a 
photo-diodeand the gradation number of a luminosity can obtain sufficient 
gradation number by using a highly efficient A/D converter. It is predicted that it 
can enlarge the numerical aperture of a pixel since the counter circuit is arranged 
besides a pixel an-ay. In this inventionwhen a photographic subject is darkit does 



not generatebut the pulse of a control signal reads the output voltage of a photo- 
diode like the conventional CMOS type image sensorand makes it a pixel value. 
Thereforesince it becomes equivalent [ sensitivity ] to a conventional typethere is 
no fault to which the above-mentioned sensitivity becomes low. 
[0037]When this invention sets the number of reset pulses constantthe time from 
the generation times of the control pulse in front of the read-out time of the output 
voltage of a photo-diode to the read-out time of output voltage will changeif 
incident light quantity changes. In said table 1the time of this from the generation 
times of the control pulse in front of the read-out time of the output voltage of the 
above-mentioned photo-diode to the read-out time of output voltage is aincident 
light quantity's changing is that k changesand when the reset pulse N [ several ] 
is set constantit is understood also from a changing with change of k. If only this 
operation is taken into considerationthis invention is similar with the technique of 
changing the above-mentioned exposure time with incident light quantityand 
forming a video signal into an extensive dynamic range. Howeversince only one 
arranges a photo-diode in 1 pixelthe problem of the numerical aperture of the 
above-mentioned pixel does not arise. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] lt is a figure showing the example of 1 composition of the stroke 
matter by this invention. 

[Drawing 2] lt is a figure showing the waveform of the pixel by this invention of 
operation. 

[Drawing 3] lt is a figure showing the example of 1 composition of the solid state 
camera by this invention. 

[Drawing 4] lt is a figure showing the example of 1 composition of the pixel signal 
component circuit by this invention. 



[Drawing 5] lt is a figure showing the example of composition of the solid state 
camera 2nd by this invention. 

[Drawing 6] lt is a figure showing the photoelectric transfer characteristic of the 
solid state camera by this invention. 

[Drawing 7] lt is a figure showing the example of 1 composition of the 
conventional solid state camera stroke matter 

[Drawing 8] lt is a figure showing the waveform of the conventional solid state 
camera pixel of operation. 

[Drawing 9] lt is a figure showing the concept of the principle of operation of the 
conventional solid state camera. 

[Drawing 10] lt is a figure showing the composition of the conventional solid state 
camera. 

[Drawing 11] lt is a figure showing the example of composition of the solid state 
camera 3rd by this invention. 

[Drawing 12] lt is a figure for explaining operation of this invention solid state 
camera at the time of threshold fixed. 

[Drawing 13] lt is a figure for explaining operation of this invention solid state 
camera at the time of threshold variable. 

[Drawing 14] lt is a figure showing the composition of this invention solid state 
camera at the time of threshold variable. 
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3 -e^ijaift^^aii^j ufcii^aji^fp^s utt© i / 1 

2 0«>F51iP»L/i:ffi*S5'Jt::ot>T}#T^-n5ai^ L. 
WJ<D3/} 2 0#lffll)PllLfcfil«S5lJ^COt^T 

?fT^n^ai:^-r5o ^7?Dl^)l)P»I^ll8^cfcl^Ttfsl«lT• 

33J:mT;&lR]l)PglsllSlcJ;oTtf5n«fiitt. L^t^fil 

u'<^;uo4m±<3!)iii««^**ai^-r«ii«<D«8fpicft 
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XSi[N«N = 10 0. L^L^filQ$^Q=1<»:L^c„ $ 

<!: LTAWTtM 1 0 0 $T-^H-» Lfco a U— > a 
>igS^|gl6lc,Tx-r„ AltycStiM 0 0$TJillD-r5F.a 
ltilSfl#filt.liSn LT& U . mkOi 1 0 0 fgiD^-f :^ 

[0 0 3 2] J.X±SiWLTt/c*^W@(tg®gMro^ 

K u-t'> h^nfti^omE^oirso cct-^ijs. 

Hf012 (a) lc3^-rJ:3lc. L*l^«*1iL*ffiS 

ae^F^lci OlH]©/\°/UXtt<DU-fe-y hffl^*J]a:i5<!:f 

(b) iC/Tvl-. 7* h4f-f:t-FttW5* lOi^lc* 
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®«^*i)P»LT?#6nyciaifaisiatti , 2, 3, 5, 
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^C'ffl^l/IO. 2l2lB<D/<;UXT(*L*t^fil*2/ 

1 0. IXTIHfillCI OlsjaTtil 0/1 Otts^iio\^ 

m^^mtiLtcmm^t. mismmrsic 1 msiLtmit 
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'rp<-v*■fe>^^■<!:l^»^c7* h^f-c*- Koaj^HES^ 

^, 7* h 5r'r:t- Kroa3:^mE<DSt^si5 LmicomsH 

CD$iJil/'?;U;^<DISSBtS'J6^6ai^mEO§S*UJ LBtSiJS 
T-OBfF^tt. A«Jt«6^S<b-r««t:S{kf«o zoizt 

E©SI*'ajLB$SiJOiltij<D$iJ®/\'>l/:^0«4B|SiJ6^6tlJ 
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2 2 WMW1i^Vg{.-^m^(0T—9 

3 0 

3 1 miSitjtfililig 
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5 3 7K¥jt«lH]K 
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5 6 'i'il5^Wm3f-\^\^^^ 

5 7 i^^fD«i«TlsISS 

58 *'t;>'5?[H]gS7'U'f 

5 9 il^{g#:»ge£[E]!S 

7 1 7*h^^-l'^^-K 

7 2 Ltt^ffl 
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7 5 'J42>> h h5>>>';^^ 
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